Background Climate change evidence has been documented by different authors based on the long years' monthly temperature measurements since long back. In the literature, annual-mean and 5-year moving average time series of global mean land-ocean temperature index and meteorological station data of global annual-mean surface air temperature changes are presented with a base period including some parts as uncertainty estimates. This paper provides an innovative method for refined calculation of global warming calculation. Purpose The innovative multi-duration trend analysis application to the global monthly temperature data for identification of monthly temperature variability leads to temperature increase identifications in an innovative manner. The purpose is to present a detailed and refined innovative trend application methodology for global temperature increment calculation. Methods After the general revision of non-parametric and parametric trend methodology explanations, the innovative trend template (ITT) analysis application is presented by considering two-half and multi-duration trend possibilities in the global monthly temperature records.
Introduction
Climate change poses particular risks for human nutrition sources such as water resources, agriculture, and food products. Apart from the natural internal and external forcing processes such as volcanic eruptions and solar cycles, persistent anthropogenic impacts play an undesirable role in the composition of the atmosphere or land use. United Nation Framework Conservation on Climate Change (UNFCCC) defines climate change as ''a change of climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is in addition to nature climate variability observed over comparable time periods''.
Over the past three centuries, human activities have impacted on the earth system behavior at the global scale, more so than at any other time. The cumulative impacts of anthropogenic activities are felt on the structure and functioning of the Earth systems. These impacts have profound effects on the lithosphere, atmosphere, coastal areas, and the cryosphere. Apart from the perturbative effect of the carbon cycle, fossil fuel burning has been the most prominent factor for climate change over the past 2 to 3 decades. For the past several decades, measurement records of global temperature, carbon dioxide, nitrate, sulfur, methane, and other chemical elements have been kept. Hence, it is now possible to treat the numerical values in the form of time series by different methodologies so as to explore internal systematic structures such as trends, which provide scientific information for better modeling, prediction, and control mechanism of the phenomenon concerned. Such scientific information provides basic verbal and numerical data for local and central administrators nationally and internationally.
It is by now well established in the literature that climate change has intensified the hydrological cycle (IPCC 2007 (IPCC , 2013 . The intensification generates hydrological variables such as increasing numbers of increasingly severe flood and drought occurrences. It is, therefore, necessary to not only have trend identification techniques for the whole record duration, but also, more significantly, to compare last year's portion with earlier records for a better understanding of the general tendency features. During the last 2-3 decades, there has been a proliferation of trend studies, using a diversity of hydro-climatological variables.
There are numerous classical trend application studies in the literature for various regions of the world, but most of them provide monotonic trends over the whole record period. In the past, many environmental planning, management, and operation studies assumed implicitly that the time series (temperature, precipitation, and stream-flow records) are stationary (Maass et al. 1962; Milly et al. 2008) . However, the stationarity assumption is no longer valid due to anthropogenic effects in the atmospheric and hydrologic environments (IPCC 2007 (IPCC , 2013 . By now, numerous studies have demonstrated that the stationarity principle is dead because of substantial variabilities due to climate change impacts on earth systems. Changes in the means of earth system time series and in their extreme values may imply trend existence, which must be identified and separated from the main series so as to render it into a stationary state. For the past 3 decades, earth systems and their direct impacts on natural environment have been searched through trend analysis, especially by employing Mann-Kendall (MK) analysis (Mann 1945; Kendall 1975) coupled with the Sen (1968) trend slope calculation methodology. The climate change triggered trend analysis applications at an unprecedented rate, and consequently, many researchers in environment and atmospheric research domains applied the MK methodology for possible trend search (Hirsch et al. 1982; van Belle and Hughes 1984; Hirsch and Slack 1984; Cailas et al. 1986; Hipel et al. 1988; Demaree and Nicolis 1990; Yu et al. 1993; Gan 1998; Taylor and Loftis 1989; Lins and Slack 1999; Kalra et al. 2008) .
Efficient, effective, and optimum management of earth systems not only requires monotonic trend identifications, but also requires inspection of whether or not the ''low'', ''medium'', and ''high'' values have separate trends. In general, a monotonic trend has a gradual change over the whole record period and it is expected to continue in the future. However, for ''low'', ''medium'', and ''high'' value trend searches, the periods are comparatively shorter than the record period. Zhang et al. (2010) suggested that the literature so far has devoted very limited attention to the characterization of trend pattern. The literature is full of local, regional, and national trend studies much more than the innovative methodological techniques to improve some drawbacks due to restrictive assumptions in the classical trend test techniques. Although Visser et al. (2015) have reviewed many papers that attempt to develop many new statistical methods to describe the variability of trends, but they did not include the innovative trend template (ITT) analysis methodology (Ş en 2012) in their review.
The main purpose of this paper is to show the applicability of the innovative trend analysis methodology without restrictive assumptions. The suggested methodology helps to identify not only possible trends in ''low'', ''medium'', and ''high'' time series values separately, but also the trend identification and determination over a succession of multidurations. A detailed discussion is presented for annual and monthly global temperature records from innovative trend template point of view, which provides meaningful information different from classical methodologies.
General Review of Trend Methodologies
In general, trend methodologies can be classified into two broad branches: non-parametric and parametric approaches. The former group of alternatives is robust and probability distribution function (PDF) free, based on ascending order ranks. The transformation of natural record sequence to ascending order causes information losses; therefore, the results are rather conservative in the sense that null hypothesis of no-trend existence is very unlikely. These methodologies must be used with care of the basic assumptions. Direct non-parametric test applications are possible in cases of ordinal data availability, which do not give way to calculate basic statistical parameters such as the arithmetic average and standard deviations that are needed in parametric methodology implementations. On the other hand, the data PDF of small sample shows tendency to deviate from a normal (Gaussian) PDF, which is another requirement for non-parametric trend applications.
Non-Parametric Trend Tests
In almost all trend analyses, the first step is to identify possible trend existence by non-parametric methods, followed by the application of parametric trend determination as a linear equation. Non-parametric trend analysis techniques also provide the trend slope, but parametric approaches such as the regression analysis are very helpful for visual conceptual grasp and making meaningful conclusion. However, after non-parametric trend slope calculation, the generation of the straight-line trend is rather different from the parametric regression trend methodology. In the non-parametric approaches, provided that the trend slope is calculated in some way, the straight-line trend is assumed to pass from the centroid of a given time series. The centroid is a point with the arithmetic averages of a given time series variable on the vertical axis with the half-record duration on the horizontal axis (Fig. 1) .
The classical Mann-Kendall non-parametric trend tests are based on the median slope value as suggested by Sen (1968) , which is not sensitive to outliers. If time series, X i (i = 1, 2,…, n) with sample length, n, is given, then there will be n(n -1)/2 possible pairs of time points (i, j) in which i [ j. Hence, a pairwise slope, b ij , can be obtained simply as follows:
The overall Sen slope, S s , of the trend is adapted as the median value of these slopes. If the number of positive slopes is almost equal to the negative slopes, there is notrend in practice. Otherwise, there is an increasing (decreasing) trend provided that the number of positive (negative) slopes is more than negative (positive) slopes. More formally, a two-tailed significance test can be obtained concerning the slope value by the non-parametric technique based on the normal (Gaussian) PDF. It is possible to calculate the confidence limits as (Ş en 2017a) follows:
The MK test requires normal (Gaussian) PDF of a serially independent time series. Most trend-detection studies attached with the MK trend test assume that records are serially independent, even though hydro-climatological time series have statistically significant serial correlations (Yue and Wang 2004) . For instance, von Storch (1995) documented that the existence of positive serial correlation increases the probability that the MK test detects trends when no-trend exists. To overcome MK test restrictive assumptions, Yue et al. (2002) explored the influence of pre-whitening on the pre-whitened series only in the cases that time series had an upward trend in a lag-one autoregressive stochastic process. Pre-whitening is a procedure for reduction of serial correlation within a given time series by adding white noise (serially independent) series to the original records. Unfortunately, pre-whitening has been applied to temperature and stream-flow trend analyses prior to MK test trend identification without caring for independence structure (Zhang et al. 2001; Hamilton et al. 2001; Burn and Hag Elnur 2002) . Yue and Wang (2004) have extended similar pre-whitening treatment through extensive Monte Carlo simulation studies prior to the application of the MK trend procedure to various combinations of the first-order autoregressive process with increasing and decreasing trends. They have concluded that trend existence in a time series depends on the sample size, serial correlation magnitude, and trend slope amount.
Parametric Trend Tests
Parametric statistics should be used with sample sizes of more than 30, provided that the data conform to normal (Gaussian) PDF. It is important to remember that all means of transformations should be applied to the data at hand in an attempt to normalize the data before parametric methods are abandoned. The mathematical forms of the trends are either a straight-line or low-order polynomial. The graphical representation of a time series with an increasing trend component is shown in Fig. 2 . Parametric regression of variable X on time, t, is expressed as a monotonic straight-line with intercept, a, slope, b, and random variable, e, mathematically as follows:
In case of no-trend, the null hypothesis is that the slope is equal to zero (b = 0). The classical regression methodology has to pass through the centroid, i.e., arithmetic average values of the two variables, (X; t), which leads to the following:
Another expression can be found after multiplying both sides of Eq. (3) by the independent t variable and then taking the arithmetic averages of both sides, giving
The simultaneous solution of the last two equations yields a and b parameter values. The parametric regression has stronger assumptions than the classical Mann-Kendall trend test, because the residuals, i.e., e values, should accord with normal (Gaussian) PDF. In addition, homoscedasticity (standard deviation constancy) must be checked. In cases of non-linearity, the variables can be subjected to a suitable transformation such as the logarithmic, square root, cubic, or any other type. After the confirmation of all these rather restrictive assumptions, t tests can be applied on b to determine if it is significantly different from zero, which implies the existence of a trend (Ş en 2017).
Monthly World Temperature Time Series
The monthly global temperature data are obtained from National Center for Atmospheric Research (NCAR) center from 1881 to 2013. Annual global land-ocean temperature values are shown in the form of time series in Fig. 3 , where a linearly increasing trend appears after the 1970s, which shows the reflection of anthropogenic effects on the atmospheric composition as a result of greenhouse gases emissions.
At the first glance, the global temperature records since 1881 indicate warming along several decades with interannual variability, which is a very significant concept in the climate change studies, because such variabilities may offset the possible climate change trends over short durations. Besides, any climate change study trends or weighting averages considers the arithmetic average levels without any consideration of departures from these trends.
Annual mean and 5-year running mean (moving average) time series plot of global mean land-ocean temperature index is presented in Fig. 4 with the base period 1951-1980 with some parts as uncertainty estimates (Hansen et al. 2010, Fig. 9a ).
Figure 5 indicates annual and 5-year running mean values time series traditional analyses using only meteorological station data of global annual mean air temperature (Hansen et al. 2001) .
In all three figures, temperature increase anomaly starts around the 1970s in an unprecedented manner and still the same trend goes on in a linear form. In these figures, the linear trends along the recent portions are fixed by eye to show the significance of recent temperature trends.
Innovative Trend Template Methodology
Trend methodologies are varied in open literature each with a set of restrictive assumptions. As explained earlier, the MK trend test is the most well-known and frequently used among them for trend depiction, with the slope calculation through the median slope method. These nonparametric approaches are used in many earth system studies for monotonic trend detection in a given time series data.
In the simplest form of the innovative trend template (ITT) approach, the given time series is divided first into two equal sub-segments, then each one is ordered ascendingly, and finally, they are plotted against each other to obtain the scatter of points, such that the ''low'' (''medium'' and ''high'') values of the first half appears against the ''low'' (''medium'' and ''high'') values of the second half. If the time series is composed of terms X 1 , X 2 , X 3 ,…., X n , the first half series (X i : i = 1, 2,…, n/2) is shown on the horizontal axis against the second half (X j : j = n/2 ? 1, n/ 2 ? 2,…, n) on the vertical axis of the Cartesian coordinate system leading to a scatter diagram similar to the one in Fig. 6 .
For simple comparison purposes, the scale and variation domain range of both axes should preferably be equal. In case the scatter points fall exactly or approximately around the vicinity of 1:1 (45°) straight line, there is in practice no significant trend in earth system time series (trendless time series). On the contrary, either an increasing or decreasing trend exists within the time series. The 1:1 (45°) straight line divides the template into two equal triangular areas. The upper (lower) triangular areas are for increasing (decreasing) trend components (Ş en 2012). It is possible to categorize the variation domain of each half series into a set of clusters as ''low'', ''medium'', and ''high''. The ITT scatter diagram provides first visual inspection about the trend types in each category.
The range of each cluster can be decided either according to expert opinion, or quantitatively by dividing the domain of variation into equal parts. Similar concepts can be extended for any duration within the given time series. For instance, if duration, d (d \ n), is adapted, then there will be n/d integer number of successive durations within the time series. Consideration of two successive durations similar to aforementioned two-half case yields ITTs, and hence, a multi-duration trend interpretation can be achieved.
Application
In the application of the ITT methodology, in general, there are two potential approaches: division of the original time series into two equal sub-segments, which is explained in the previous section, or a multiple division into equal duration multi-duration sections.
Two-Part ITT
The application of the ITT methodology to monthly global temperature records provides graphs that present scientific verbal and numerical information that can be extracted visually (Fig. 7) . Although there are similar graphs for each month, for the sake of space saving, only one month is presented for each season in this paper. First of all, it is helpful for subsequent numerical interpretations to extract a set of possible verbal information among which are the following points.
1. Throughout the graphs, it is obvious that, after 1947, there are increasing trends both in the minimum (low) and maximum (high) monthly temperatures. This point is documented by the fact that all the scatter points in the graphs fall within the upper triangular area above the 1:1 (45°) straight line that represents the case of notrend within the record time series; ''low'' and ''high'' temperature value scatter points are clustered along parallel straight lines to the 1:1 (45°) line, and therefore, there are no significant variabilities in the deviations from the arithmetic averages of ''low'' and ''high'' temperature clusters. This is tantamount to saying that the standard deviations along these two classes are constant (homoscedastic). 2. Global temperature increment in ''high''-temperature values is more than the low-temperature records, because the scatter points are far away from the 1:1 (45°) no-trend straight line, ''Medium'' temperature values fall within the transition zone from the ''low''-to ''high''-temperature values, and their scatter points do not fall around a parallel line to the 1:1 (45°) straight line, which shows the implication that the ''Medium'' temperatures have variability, i.e., heteroscedasticity (variation in the standard deviation) ''Medium''-temperature increment is more than the low temperatures but less than the high-temperature records. The centroid point as the arithmetic averages of first and second halves falls within the ''medium'' temperature values range.
On the other hand, the numerical evaluation of the same ITTs provides another set of information that is useable in any numerical modeling. For this purpose, all the numerical values shown in Fig. 7 are presented in Table 1 .
On the basis of comparison of the late half of the global temperature records with the early half, one can observe that there is always an increasing trend after 1947, which is obvious from the numerical values at the last row of Table 1 . The last column of this table indicates that ''low'' and ''high'' average monthly temperature increments with respect to the no-trend line are 0.90 and 1.78°C, respectively, with ''moderate'' increment of 1.34°C. Hence, the average variation domain between minimum and maximum temperatures is 1.78-0.90 = 88°C. Cohn and Lins (2005) and Koutsoyiannis and Montanari (2007) stated that it is possible to think about the assessment of trend statistical significance test for this method. This approach is graphically based which is a preferable way to address the issue of trend, in that it avoids the pitfalls of attempting to ascribe statistical significance to a poorly understood system. One can argue strongly that the concept of statistical significance is meaningless when discussing poorly understood systems, because significance depends critically on the null hypothesis, which in turn reflects subjective notions about what one expects to see. Therefore, unless one can specify the null hypothesis correctly, the resulting estimate of significance will be wrong. In this paper, their advice is adapted, because the graphical approach is a preferable way to address the issue of trend in that it avoids the pitfalls of attempting to ascribe statistical significance to a poorly understood system. Furthermore, a statistical analysis method has already been suggested by Ş en (2017b).
To visualize and make further meaningful interpretations, the ''low''-and ''high''-temperature values are drawn in Fig. 8 .
It is possible to extract from this figure that on monthly basis, there has been 0.50°C temperature changes on the average for the ''high'' global temperature records. However, among the monthly ''low'' global temperature values, it is 0.25°C annually. These two statements indicate that the climate change reflection in the ''high'' maximum temperatures is twice that of the ''low'', minimum monthly records. Another conclusion is that during the last decades, the warming at global scale is about 0.50 ? 0.25 = 0.75°C and this is very close to IPCC (2007) report finding, which states without any distinction between the 
Multi-Duration Trend Analysis
It is possible to widen the two-half trend identification to any desired duration trend identification for the global temperature time series. Figure 9 represents the ITTs for a set of various decades based on the first basic decade length. In this paper, 10-, 20-, 30-, 40-, and 50-year durations are considered as the multiple-duration trend identifications. Again, the first impressions and verbal interpretations about these graphs can be summarized as follows:
1. In Fig. 9a , for each decade based on the first decade of 1881-1890, the scatter points of subsequent decades on the ITT indicate that although 1891-1900 decade is almost trend free, because its scatter points are the closest to the 1:1 (45°) straight-line, but subsequent two decades, namely, 1901-1910 and 1911-1920, had decreasing trends in ''low''-, ''medium''-, and ''high''-temperature values, because all of the points are below the no-trend line. 2. Starting with the 1921-1930 decade, global temperatures indicate steadily increasing temperature trends of 2°C in 2001-2010 duration, which is very obvious in Fig. 9a . After 1981 especially, each decade exposes a distinctive difference between the ''low''-and ''high''-temperature values, because the scatter of points for these decades does not fall on a single straight line that is parallel to 1:1 (45°) no-trend line. 3. As for the scatter of points on the basis of the twodecade periods in Fig. 9b , it is obvious that 1901-1920 period has slightly decreasing trend, but in all periods except 1981-2000, there are almost parallel straight lines to the 1:1 (45°) straight line. This means that, as in the previous item, different climate change patterns started to appear between the ''low''-and ''high''-temperature values after 1981. 4. In Fig. 9c , the ITT is constructed for a basis of 3 decades , and then, the subsequent triple decade temperature scatter points' behavior shows that 1911-1940 and 1941-1970 periods have rather stable and continuously increasing temperature without any distinction between the ''low'' and ''high'' global temperatures, because the straight lines to these periods are almost parallel to the 1:1 (45°) no-trend line, but after 1971, there is no parallelism again indicating the different behaviors between the ''low''-and ''high''-temperature changes. 5. Four-decade period based on 1881-1920 ITT is presented in Fig. 9d , where there are two subsequent 4-decade periods, i.e. , 1921-1960 and 1961-2000 . On considering such long durations (more than 30-year meteorology base line), one can observe that there are only increasing temperature trends, but the behavior during the last 4 decades, i.e., 1961-2000, again shows that there is not a single straight line for all the scatter points, which implies as the difference between the -1947 -0.62 -0.65 -0.65 -0.68 -0.770 -0.72 -0.68 -0.68 -0.64 -0.62 -0.61 -0.66 -0.67 1948-2013 
Multi-Duration Monotonic Trend Sequence
According to what have been explained in the previous section, it is possible to construct a sequence of monotonic trends, depending on the window width along a given time series. Furthermore, the slope, S i , of i-th window is calculated by use of the following formulation (Ş en, 2015) :
where m 2i , m 1i , and n i are the means of the first and second halves of time series within a window width, n i , respectively. Another version of multi-decade ITT graphs in Successive decades 1891-1900 1901-1910 1911-1920 1921-1930 1931-1940 1941-1950 1951-1960 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 1:1 ( Successive 2-decades 1901-1920 1921-1940 1941-1960 1961-1980 1981-2000 d1:1 (45^^o) line 1. In Fig. 4 , 5-year running mean values are given without any quantitative trend component. Figure 10 provides an alternative with numerical intercept and slope values for each 5-year duration, and hence, one is able to visualize the sequence of trends and, if necessary, each trend can be quantified with a small linear mathematical expression similar to Eq. (3). 2. Each 5-year duration trend component can be related to earth system behavior during the same period, which may be due to volcanic eruptions, greenhouse gas increase, or relative decrease in the atmosphere, earthquakes, and other similar natural and anthropogenic effects. 3. Each 5-year trend component can be grouped into similarity classes according to the slope values, which also represent the intensity of warming at global scale in units of°C per year. Figure 11 provides a similar multi-duration trend component sequence for each subsequent non-overlapping 10-year period, and hence, one is able to know the global change rate on decadal basis with similar interpretations to 5-year duration.
The intercept and slope values that are obtained by the ITT analysis method on 5-and 10-year multi-duration cases are shown in Table 2 .
There are 25 pieces of 5-year duration trends and the arithmetic average of this duration is 0.021 as in Table 2 . Hence, the 5-year duration temperature change can be calculated approximately as 25 9 0.021 = 0.53°C, which is again rather close to 0.76°C as suggested by IPCC (2007) .
Finally, Figs. 12 and 13 represent the intercept and slope values graphical representations for 5-year period multiduration trends. It is obvious from Fig. 12 that intercept increment starts to have persistently positive values around 1970 onwards, which again corresponds to the IPCC (2007) conclusion that the climate change has started to increase steadily after 1970. 
Conclusions
Climate change is one of the major problems that give rise to climate change in different regions of the Earth. The main measures of such changes are trend test analyses, which indicate the general increasing or decreasing tendencies within hydro-climatic time series record. There are two broad classical categories of trend analysis: nonparametric and parametric methodologies. Parametric regression analysis is the most preferred option, but it needs normal (Gaussian) probability distribution function (PDF) conformance of basic data, which is not possible in most of the hydro-climatological time series records. Nonparametric approaches destroy the natural sequence of records and depend on ascending order of the data values, and, therefore, cause loss of some information. These two categories are explained comparatively in the paper. The innovative trend template (ITT) methodology is explained briefly and applied to global monthly temperature records from 1881 to 2013. This new methodology provides information about ''low''-(minimum) and ''high'' (maximum)-temperature records in addition to the ''Medium'' transitional temperatures. First, two-half and then multi-period innovative trend analysis implementations are explained graphically, verbally, and numerically.
ITTs provide opportunity to distinguish among the ''low''-, ''medium''-, and ''high''-temperature values in a comparative manner. In the case of two-half duration application, ''low'' and ''high'' global monthly temperature records scatter points occur along parallel lines to the 1:1 (45°) no-trend straight line, which implies that in these two categories, there are trends on the average with constant standard deviation, i.e., homoscedasticity. Through the ITTs, the warming at global scale is reached at 0.75°C, which was determined by some other approach as 0.76 ± 0.19°C (IPCC 2007) .
